
1nt~rim (Midt~ ’n%) T echnic al  .R’ep~rt , , L.) 1) L.~

ARPA Order ~u: 284 0 Pjn~nd . 6 - 

JUN 13 1977
Program Code No. 7E20 

~~ U
~~~ Contractor: Univers ity ol Colorado B

Beul der , Col orado 83309

Contract Dab . 76 Dcc 01 1ij / (’~ /~~/
Contrac t~..~~~un t: $35,000 ‘ I ~~.I L

~~ Contrac~1’(~ NO00l4 — 77 -- C—0 l1~,I. . ~~~ 
.- .-

~~~~~! —

(V ‘~/~ / / 1  -

Con tr~~.j Ex piration Da ~~~~~~~~~~~~~~~~~~~~~~~~
-

Title~f_~’~.\1~bration-to-Electron1cJnergy Transfer for Electronic Transitior . /
(~~~Lasers~~ — 

- — • • - - . -- /

Princi pal Investigator: jStephen R./teone/
T303) 492~51~ g

The views and conclusions conta ined in this document are those
of the authors an d should not be interpreted ~s necessar i ly re pre-
senting the of f ic ia l  po l icies , either expresse d or implied , of the
Defense Adva nced Research Projects Agenc y or the U.S.  Government.

~ tte~~ tb~ ~8~t~~@c~1~ ~u: i w ~ c~ a
J AEWL...__________ 

—.  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SP~ ML

Approvr4 IC~. J~ ) .. .~ 
~~~~

~~~~~~~~~~~~~~~
H , LLJ
I~ ~. ~~

C-,

/ ,
:~ 

‘
~~

lu lL . 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ - ~::~!. ~~ 

. .&~~~~~~ ~~~~ -~ -~~~~~ ~~~~~~~~~



r

-2-

Technical Report Summary

A program has been developed to use spectroscopic insight and labora-

tory experiments to identify potentially important new laser candidiat es7

Our group has discovered’~jn innov ative series of visible and ultraviolet
~
- ;j ~~. - • - ‘

- 
~ 

- .  -.,

lasers on high temperature diatomi c niolecules~ To date both S~ and Te~ have

been demonstrated to lase . Because of unique features of the diatoni c

molecular states , these molecules have potential to make highly efficient laser

devices for DoD applications.

In particular , S2 has numerous strong lasing transitions in the blue -green

region of the spectrum for OUR applications , and many other laser lines in both
It’

the ultraviolet and re~>,-’rhe S2 laser lases to high vibrational levels in

the ground state. These levels are not populated at the 600°C necessary to

form the diners . Thus direct excitation schemes can produce very efficient

conversion of energy to laser output.

The S2 laser is able to withstand high power densities without degradation .

It has all the usual desirable properties of gaseous systems for high average

power and repetition rate. In addition the output will be line tunable over

broad wavelength ranges. Collisions with rare gases serve to relax excited
H

Alevels , but not quench the S2

Many other laser—suitable molecular species have been identified as well ,

by noting the desirable spectroscopic features of the 4 molecule. Te2 has

already been shown to lase with the same efficacy as S2. Other candidates

just within qroup VI elements include SO , S4, TeS, TeO , TeSe, and SeS.
I

Technical Roport

Enclosed is a reprint describing the technical details of the S2 laser .

Lasin g action has been observed from To2 by optical pumping with a dye laser

froM 460 -510 un. The To 2 las ing output has spanned the range of 565-620 on.
‘

.. I

.~ 
.~~~~~~~~ • ~~~~~~~ ; ~~~~~~~~~~~~~~~~~~~~~~~~



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-3-

Future_ Discharge Studies

. - . . The -S 2(B 3
~~ - --X 3:~~) 1aser t~~ñ fldñ1ia~~bëèn óbservéd by optical pumping

with a frequency doubled dye laser. Hundreds of laser lines have already been

seen from 360 nm to 630 nm , with the realistic potential for lasinq on over ten

thousand lines . With consideration of the numerous sulfur isotopes available ,

lasin g action of the S2 molecule m ay eventually encompass a nearly continuous

line-by-line range from 330 nm to 700 nm. There will be numerous applications

to DoD agencies if practical S2 laser devices can be developed.

As a step forward in this direction , we are considering the possibility

for direct electric discharge pumping of the 52 molecular laser. The 
~2

molecule has fortuitous placement of its potential surfaces , which allow

population inversions to be achieved readily. By close analogy to the data

available for electron collisions with 02, it is likely that electron collisions

with S2 will produce significant excitation on the B3~ - X3% transition.

As observed in the optically pumped laser , small fractional populations

produced in the B3~ excited state will be inverted with respect to the high

vibrational levels of the ground 3z~ state. The exceptionally high gain of

the 
~2 

stimulated emission makes the prospect for attaining laser action

• by direct electron excitation very favorable. Such a device , if successfu l ,

would lase on thousands of lines simultaneously, and would have a large

number of potential applications.

In consultation with Richard T. Weppner at the Joint Institute for

Laboratory Astrophysics , a number of desi orm s For direct electron excitation

of the S2 laser have been considered. A design is necessary which pushes

the current state of sophisticated technology to a maximum . The S2 molecules

must be contained in a 600°C, meter -long tube , with long electrodes to produce

a very fast (‘~lO nsec risetime), 20 kV discharge uniformly over it entire

-~~~~~~ - - .—.~~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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length. The difficulties i n  developing such a discharge device for high temper~

ature gas species has been a serious stumblin g block for many investigators.

Once developed , it would allow the study of laser action in many other high

temperature vapor systems as well. The successful construction and operation of

such a device would be regarded as a major step forward in our capabilit y to study

laser candidates which require high temperatures and fast discharge excitation .

Prospects for Successful Discharge Pump ing of the Molecular Laser

A brief discussion of the parameters relevant to discharge excitation

of the S2 mol ecule should be considered . From spectroscopic measurements ,

values for the transition strengths of various S2 lines have been given.

More recent measurements of the S2(B3l~ ) lifetime give 45 nsec. Taking

for a single line to be lxlO 6 sec~~, we can obtain a coeff icient for

stimulated emission. For a singl e 
~2 emission line at line center ,

A = 500 nm , Doppler width = 0 .054  cm~ and I = 600°C , the stimulated

emi ss ion coeff i cient i s ~~~~~~~~~~~ cm~ torr~ (o = 4.6X10 14 cm2).

The density of S2 molecules in a single vibration —rotation level of the

B3~ state needed to achieve a gain of e5 in a 100 cm path length is

conservatively estimated to be 1x1012/cc. This number agrees well with

what is observed empirically in our optical pumping experiments .

Becau se the S2 system is intrinsically high gain , stimulated emission can

be achieved in a small number of passes. The short spontaneous lifetime

(45 nsec) favors the use of fast electrical discharges initially.

There is no reason to preclu de that longer current pulses canno t be use d

later .  In deed , our optical pumping experiments have produced stimulated

emission ovor the full duration of the 2 psec pumping pulses . A gain of

e5 in a 1 meter path length will require only 4—5 transits for full laser

action to be achieved. This is a conservative requirement for current pulses

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . — -L:7~- -~~~~ -~~~~~~~~~~~ 
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in the initial range of 20-50 nsec duration and optical cavit ies of 1.5 meter

path length.

On electron bombardment , excitation to the level wi l l  lead to a

distribution of vibration-rotation states. If we neglect the weaker triplet

splittings and recognize tha t only even rotational levels are allowed

* 
in the ~~ state,5 there will be approximately 500 levels available at 600°C

CV’ = 0— 9 , J’ = 0,2,4. ..100). We expect that an excited state density

of approx imately 5x1014/cc distri buted among all levels is adequate to

produce laser stimulated emission . A density of 5xl0~~/cc excited molecules

is an entirely reasonable expectation for  discharge excited lasers.

Reasonable starting densi ties from disc harge consider ati ons will be in

the range of 5x l0 16 to 5x1 018 S2 no1ecu1e~/cc , If we choose 5xl 017/cc ,

then an excitation of only 0. 1% of the qround molecules to the

B3
~~ state is required.

Under the condition where there are few collisions durin g the excitation

pulse , the S2 molecule will lose On thousands of lines simultaneously.

In our optical pumping experiments , as many as 10-12 doublets lase simultaneously

when exciting only a single level . In the electric discharge laser , a distri-

bution of perhaps as many as 500 levels in the ~~~ state will la~e. Data is

available wh ich indicates that rare gases can collisio nally relax the vibration

and rotation states of S2 (B 3
~~) without quenching. By addition of He or Ar

it is expecte d that this large number of excited states can he compressed

into a few of the lowest vibrational levels. This is Drecisely the situation

which occurs in the m’are gas halide excimer lasers , XeF , KrF , etc.

and in the recently discovered Fig Cl laser , where lasing is observed onl y

from the lowest vibrationa l l evels of the excited state. By standa rd

techniques , wavelength selection and tuning of the laser output is readily

—— 
.-~-~~~~ - • 
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achieved . Using rare gases to produce rap id rotationa l and vibrational relax-

ation , signifi cant fractions of the total available energy can be extracted

on single frequencies. In addition , relaxation of l ower laser levels is

important to prevent the problem of bottlenecking and premature termination

of the laser.

Electrons with energies in the range of 4-5 eV are expected to excite

the S2 (B 3
~~ — X 3

~~) transition. From close an alogy to the 02 system , excita-

tion of this transition can be made a dominant fraction of the total cross

section at appropriate values of E/N (V/cm-torr). Electron excitation of

the S2 molecules to high vibrational levels of the ground state wil l have

very small cross sections , and thus for lower laser levels above V” = 15

there is no appreciable excitation by either electron collisions or the 600°C

temperature .

The prospects for direct electric discharge lasing in S2 look very good ,

although there are always unforeseen diffic ulties. It is not possible to say

at this time whether discharge problems will be encountered because of

higher sulfur species such as S3, S4, S5 . . . These are present to a small

extent in the density and temperature ranges contemplated. Discharge

charac ter i s ti cs in S2 can be tested on the ap para tus  of Gallagher at J ILA.

Severe nonuntlormities encountered in the discharge may often be el iminated

by selective addition of other gases or by preionization techni ques.

Addition of other gases may be required also to modify the E/U to achieve

more appropriat e electron temperatures. The value of E/N must be high

-
~~ enough to produce primarily E3- X excitation , but  not too h i g h , in order to

prevent ionization of the S2 molecules. Fluorescence from the S2 (B 3
~~) cnn be

monitored to optimize the discharge parameters before actual lasing is attempted.

-
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Laser Design Considerations

The laser device contemplated embodies an extremely flexible design -

which will allow the major temperature and discharge parameters to be

achieved with the capability for complete disassembly, cleaning, change of

electro de prof i les , change of electrode spacing, etc. Solving the extremely

di f f icul t design criteria problems is as crucial to the success of the project

as are the basic scientific considerations. Credit for this design goes

primarily to Richard T. Weppner.

In order to produce low inductance , 20 kV di schar ges across a 1 meter lon g

tube which is heated to 600°C, a number of difficult problems must be overcome .

A few mi ght be mentioned. Special sealant techniques must be used to join

metal elec trodes into an elec trica l insulator tube. The entire tube ,

incl ud ing windows , must be heated uniformly to prevent deposition of solid

sul fur. Prevention of external arcing of the high voltage is a major concern.

Problems with differences in coeff icients of expansion of materials must be

eliminated. The inductance of the discharge geometry must be kept extremely

low to produce the short 20-50 nsec current pulses .

The device that has evolved in the minds of Richard Weppner and the

principal investigator is shown in the viewgraph. The basic configuration is

either a Blumlei n laser circuit ut ilizing flat parallel plate transmission

lines to generate the short electrical pulses , or a parallel cable design ,

which is also common for short pulsed nitrogen lasers . The major innovation

is the capability to heat the laser tube to produce the desired hi gh temperature

species.

The main laser tube is 211 di ameter Coors polycrys talline alum i na

(A1 203 — A0998) cerar-.ic material. The laser tube is precision ground flat

on the ends. A groove is ground into each end to accommodate a Kovar split

_____________________________________________ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • ,.•... .~~ ... .. .
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base flange, which holds on the window assemblies . The window flange assemblie s

are bolted to the split base flange , with vacuum seal provided by compression

of a metal “c” ring. These “c” rin~ vacuum seals withstand temperatures higher

than will be encountered in heating the main body of the tube to 600°C.

The window assemblies start from a Kovar flange. A molybdenum tube

is brazed to the Kovar flange with a nickel—gold alloy , and a quartz—to-

molybdenum seal provi des the final transition to the actual quartz Brewster

window. The Brewster window is sealed to the quartz tubing with a solder glass

technique. These solder g lass seals have proved to be a super ior method of

fusir~g laser qua lity quartz Brews ter w indows to quartz tubes for high temper ature

operation i.n our optically pumped S2 laser. No loss in optical quality of the

window is seen. The whole window assembly is capable of withstanding over

400°C, well above the tempera ture requ i red to prevent depos iti on of sul fur.

The rain body of the laser tube will be heated to over 600°C, the temperature

necessary to generate primarily sulfur dimers at the densities anticipated.

Each wi ndow assembly will have a 1/4” tube welded into the kovar flange for

evacua tion and introdu ction of gases , and for con trol of the vapor pressure

of sul fur at low er temperatures , 180-300°C.

Electrodes made of molybdenum or another suitable material are inserted

the length of the Coors cerami c tube. By making each electrode in 10 sections ,

10 cm long , problems. caused by di ffering the rmal expans i on coeff i c i ents are

min imized. Each el ectrode will he held by two studs , and only a small ,

0.005”, expansion difference is expected between the electrode material

and the ceramic tube over the 5 cm stu d spac i ng . When heated to ope ra ti ng

tempera ture , the electrode sections will nearly contact each other on their

ends . All electrode surfaces are carefully polished and rounded to minimize

I

I

—
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filamentary arc formation in the gas discharge. Each electrode section is

carefully centered and ali gned by properly rounded spacers , and the vacuum

seals made under the bolt head.~..by.. comp ress ion of meta l “c’ r i n g s .  P r e c i s i o n

ground flats are needed at each point in the ceramic tube where “c” ring seals

are made. Electrical contact is made from the paral lel plate capacitors or

from the parallel cables to each of the studs. Thus the current can be

uniformly distributed over the entire 1 meter path length. Heaters are

commercial half cylinders which are put together in sections and potted

for further insulation. Great care must be taken to insulat e the high

vol tage feeding to the electrode studs from the meta l windings of the heaters .

The resultant device will he capable of temperatures even higher than required

for the firs.t e eri!’ients~ on S21 The versatility of th~ desi gn and abi li ty

to make changes has been an important consideration. For exampl e, through

the window flanges , a preionization (corona wire ) electrode can be. added

if necessary. Elec trode spac ing and geometri es can be read ily cha nged .

4 
We anticipate that the device will have tremendous potential , not only for the

S2 system, but for other metal vapor systems as well.

I

V
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A tunable visible and ultraviolet laser on S2
(B3

~~
—X3

~9 )
Stephen R. Leone and Kenneth G. Kosnik
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( Received 13 December 1976: accepted for publication 26 Jan u ary 1977)

Las er action has been achieved on t he B ‘
~~~ —x ‘

~~~ transition of S by optical p u m p ing with a f requeiic~.
d~uhled dye laser and a nitrogen laser. The observed lasing is line tunable from 36~ si ~70 nm . The S
molecule is a promis ing candidate for an efficient scalable ultr avi olet laser system

PACS numbers 42 55.H q, 3320 .1g. 33.20.Kf , 33. bO Be

There is widespread interest  in the developt.. ent of approximately 20 nsec . giving .-i ’j~” coeff ic ients  for —
efficient  tunable visible and ultraviolet lasers. We have single lines on the order of 1( 1—10’ sec~~. 9” Th us it is

4 achieved lasing in a promising new molecular system , reasonable in the exper iments  described here that  h l i ~h
the su l fu r  d i m e r ,  S,. on its B3’~;—X ’’~; transition , gain laser action f rom a single ro ta t iona l  level in s 5

3 Emission from the S~(B—X) is widely observed in was observed -so oumerous  l ines over a 365— ~~~ -nm ~ 3O
flames , shock tobes , and discharges whenever corn - range. Taking into account that successive v ih ra t i o t i a l
pounds of sulfur  are present.  l , 2 In this f i r s t  densonst ra-  hands near ly  overlap, and the avai labi l i t y  of numerouS
tion of the lasing character is t ics  of S . line tunable sul fur  isotopes , a lmost  complete coverage of the u l t r a— a
laser action is observed from 365 to 570 nm by pumping violet and visible regions of the spec t rum is possible.
with a frequency -doubled dye laser. Initial  results in-
cl icate that the S. sy stem is capable of nondegradable

- - 
. . . The experimental setu p for  sr en erat i i lg  S., moleculesoperation , is scalable , has potential for eff ic ient  oper-

consists of a 12-cm-long Brewster anele, all fused-ation . and may offer  promise for  successful pumping . .quartz cell with a single s idearm . The cell is evacuatedliv other excitation schemes. . .with a few mill igram- ;  of su l fur  inside,  sealed off , and
A report of an S. laser on the _

~; transit ion at housed in a 500 C tube furnace .  Such sea l ed - t i f f  cells
I I grit has been made. The S. laser considered here have operated successfu l ly  wi thout  denradat io n for
lases on a d i f fe ren t  t rans i t ion .  Figure 1 sketches the several months.  The vapor pressure of sulfur  inside
approxit nate potential surfaces for  the known S2 molec- th e cell is adjusted between I a i d  10 Tii ’r w i th  the s ide-
u la r  states. -l Al though many deta i ls  about these surfaces a rm maintained independently at 180—240 C. At t e r n -
and the exact locations of other states are not known . l)(~rahi i’es above 500 C and at the .se low v apo i -  pressu re ’-. .
several qual i ta t ive features  of these potential surfaces the large ring molecules of s u l f u r  hre ak down to .~ive
are mo st  impor tant  All of the lasing states exp lored predominan t l y  sulfur  d imers .  ° Ini t ia l  exper iments  were
in th i s  s tu dy,  inc lud ing  i- - 2. 3. 4 . 5 , 6 , 7, are well below accomplished with a o i t r o~&en laser pun ip ( 1— 1 0  n i T  pci’
the dissociation l imi t  of the S molecule.  Thus , the pulse , 10 nsec). The nitrogen laser . 337 . 1 rim , over—
lowest vi l )r at iona l  In t e l - ;  of the /33~~; state , a l though laps wi th  the (2 , 4) band of S i2  The pU mp laser is fo—
h eavi ly  per turbed.  a r e  not ln’edissociateci. ‘ The p oten— cused throug h a pa r t i a l l y  t r a n s m i t t i n g  input  m i r ror  I on—
tial s u r f a ce s  are fo r tu i tous l y  displaced so that the g i tud ina l l v  it1to the S. cell .  The .S , laser m i r r o r s  are
ber t -s t  v ib ra t iona l  levels of the B ~ - . excited state are typically 99’ , Ii and 501; II I Vl s i’  the visible or u l t r a v i o l e t
si tuated over high v ibra t iona l  levels of the ground .V5 ’; ; range d e i  i- ed. At  a pt ’essti  ri of — 10 Tort ’ , b r i i~ht  spon —
sta te ,  which  are not populated at the 500 C operat ing tanoous f luorescence fron t  the sh in  is v i s ihh ’ . even w i t h
t en s pe ra tu re .  The Franck—C ondon  fac to r s  for these the room l igh t s  on . when the  n i t  r ogen Ia s r ‘xi ’ i t .  -

~~ t he
J3 —.~’ t r a n s i t i o n s  are as large as 0. 1 for  nianv batids and S . S t i m u l a t e d  cot iss ion was  f i r s t  ob served in the b lue
l o v e r  broad spec t ra l  ranges b efore  d i t i s i n i s h i n g .  - , The m’ , ’ s~ion of the spec t rum.  Ca lcu la t i on ’— made ht . , na l i i i ~v
tneasure d fl uo r e s cen c e  l i fe t imes  of ind iv idua l  s tates  is to oil ier  ( l i n t e l ’  svs i eo i s  su s :s: - s t - t h a t  h i gh s  ~. u i I I  l a s i to :

346 App li ed Phy s ics Letters , Vol. 30 , No. 7 . 1 April 1977 (‘ s s 5 s y r s s 5 I I 1977 Ameri can I ’ s c t s I t s I s -  st  Ph ysics 34C
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- hii t it w i t h  anti t t ’ i th i su t  i m a , ’ m ’ i w i m i ; :  of th <’ i s inip s ,i :id w i d t h ,
\1s s i ’s’ piswi’t’ f~~l and sta l ls’ pt - 1:11 ion 51 :15 as - l R vi ’ , l  ‘a - i Is

c ,tio d ,ss l  nai ’i ’ow in r :  f rom S to  0 . 5 cn i ~~. ‘- p i ’ i ’ i s i s ~’ i i l i I t v
,. tlti’ P0051) i’Ii,-1’ ~tV I5i-,’sIi’It iso th r ( ’ t I i i i ( i  in l i s t ’  S 1~ s -i’

: w i t h  ( h i t ’  5( 1 - o u t p u t  ci)opIPr ’Sc.Tg ’Itt ( i ‘.1 . ~~i0’ 0 7 - e mi t ’
P11051) specti ’u ni l i s s w i - S i ’ i ’  is te n l i m i t s - - -. l s rs i , l tR’ I ’  t han  in—

• , divic lua l  S . l imo’ s , a msd ouch  of I I , , ’  pump L i g h t  r~as no t
- bcitt g used to pi’odt~ ’c~ th e l a si i t n  s t a t e .  Gain  was  I s I s  -

- - 
s,’,’v cil to lit ’ super t lu or i ’s i ’en t  s i l t  tIt e st i ’ s s l ;s : , - s t  line s

- - at h igher’ 5, pi’i ’ssu i ’t ’s . Ti’a itriitis ns as stii s i’t in \ \ a v i - —
5 - -  

-length as 400 nm ait d as l u ng as 5 0  nm n’i ’i ’e ’ l ’s  i i ’ Y i - ~

~ 2 - ~. Mt  
L a ’ t - ’ ,~~ 

(is tase , w l i e t - t ’ boll, n sirl ’oi ’s h ia tt  a r , ’f l - i - t i v i t v  sf ‘ n I ’ ,
- 50 ’ , . A cav i ty  cotiipo sed of B 99 at 360—4 10 not

a mtd 13 40’ at 350—400 not in i r e s t  r s sustained stable
a 

, - — - ant i  s t rong lasimi g at w a v e l e n R t h s  ohsei’vecl f roi ti  SR S to
390 n ot . In this  setup the sti’on ’~i’st v i s ib le  l ine— ‘,v t ’ i ’ i ’

- 20 not comp letely suppressed even t lt oug ht the e l f , s c t i v ,  i t  -

f l e c t i v i l v  ott each mi,’rol’ was  less than 20’ . I- nei’ -a v

- 
— conversion was measured to his 2 1, fo r the total v i s i l t h

- _ , ‘. , o  output  of the S.. laser ,
-

- .. Each S. band is 15—2 5 wide in absorption , and
- ‘I 

- tuning hta~ been accontp l is l i ed i svc r  en t i re  bands.  Tvp i -

____ ._ l__ ,_ _ j  ___~~_,_ ,~~ 
j cally there are strong S~ ab sorpt inn lines every few

I 2 3 4 5 6 em t its a single vibrat ional  band , However , there are
numerous  ro t a t i ona l  s tat e l l i tes  amid overlapping bands ,

I- l i , . 1, .\~ g s r ’ s s x i n t : s I & -  kn own t seit& ’ttt i:il sisr t :scus For :hi’ S. nick ’ — In practice . t l t t ’ e -  to O u r  las ing ah ss s rp t ion s  are ‘‘I -
cul t ’  R e t , p . ftc Icv el u’ ‘ I s  t i l t  I i s s i i , t il , hut often 1sc r t u s- ( s i .’d . served Per cni t . Its reg ions of the band heads , he
l’tte)- l i e  cli: i i ’ t i t ’ tcri s ti c sI I - s ite : e ’ t t t i th ’u ’s . ‘lie lev e ls  t ’ ‘i~ spec t rum is e;- 5n m i t r e  dens,- , The pump laser’ was
in &‘ nii t s i I s - . t ’u  s ni t in em n ks ion , si ’003l5l\ due tie t s t i  oitg pm ’edhis — tuned over nu i t te t ’ous  l ines in the (5 . 11) b a n d , and the
s, ’ c is i t (ot t . I I~e.’ pU mp excitation Ibit’ intl the maxinsuns and mini— - . -

nt u nm s ) I ) s t e r ve i l  l : i s i t :g  wavelengths  sm sh im ss ’n for  ~“ = 5, L:isinsr lasing output  tuned cor t ’espcmnd snpl v wi th i n  the (5 . 21 )

3 tr : it is i t i ons ama ,’ itlss> obsei’ved ‘to al most all s - ” leve l s  in be— hand which  was observed in the monochro i n a to r  Wi th
t sveen. wheriever the 15’ m aisek—Condon ls ic to i ’s ar e rio t sieh ’1~ the numerou s isotopes of sulfur available, almost any
i’eu ’si . desit’ed wavelength can be a t ta ined .

From a number  of standpoints , the optical ly pu mts ped
action on 5, would be observed with this short pulse S. laser described here is not ful ly  optimized. As
exci ta t ion ,  mentioned , the pump spe ct rtmfli is a factor’ of 10 t imes

broader than the S. lines. Proper mode m a t c h i n g  of the
In more recent  and ref ined exper iments , the S , lasei’ . 

- 
-

. ‘ -  ‘ - 
- focused pump beam t i  the S2 laser cavi ty  Itas not been

‘.vas pumped in a s imi l a r  fashion w i t h  a freq u ency-  ‘ -
‘ ‘ 

attetsipted. The present 5, laser tias 3 - r n — r a d i u s - o f -
doubled dye laser. This provided the advantage of tun- , ‘ 

-

. 
- , ‘ curva ture  m i r r o r s . This resonator sustains a beam

ing the pump laser over a variety of bands absorbing - .  - -- 
‘ area insi d e the cav i t y  au order  of magn i tude larger than

from 290 to 305 not . Transit ions corresponding to ‘ 
- 

‘ ‘ -the pump zone. Br igh t  spontaneous e m i c s i u ,n  is oh-
( t ’  , i -  ‘I f rom (3 , 0) to (7 , 0) were  excited . - The dy e laser - -se t’ved f ron t  the side i t the s - cell because of the sh ir t
has charac te r i s t i c  pulsed energies in the u l t rav io le t  , ‘ ‘ -

- ‘ 
radiative l i fe t in t e .  Even when the best lasing wts s Ii-

of 0, 5 m l , 2 t~SF’ (’ durat ion , and a 0, 5-cm bandwidth ‘ ‘ - .  , -
- - ta m ed , th i s  emiss ion  was not  d r a n t a t t c a l l v  reduced i t t

us in g  a low-f inesse  (B = 30’ . ) etalon . The peak power - ‘ 
-

- ‘ , in tens i ty .  We anticipate that  more proper mode m a t c h -w i t h  the dye laser is constdei ’ah lv lower than for  the , 
- 

-- 
‘ ‘ t n g  will  g rea t ly  enhance the out put .  In these ft  r s l  ex

ni t rogen pu m p , Most stable lasit tg was acltmeved st’hen -

pe r im en t s , also ,  the las ‘t’ c a mir  l engths  was r u ’~ I meted tct
t ite dye  laser  was focused to a bea u s  radius  of 100 ~mi -

- the I 2 — c m  cel l .  The laser operation was o t i s e r v e s t  I s ’in a few Torr of S.,,
fal l  off a) t t ’upt lv wi th  it t crease d pi ’esSure. M i s t  likels ’

All of the “~~~ v ih m ’atint i al  states svlt ich were exci ted Sfl — S col l i s ions  ai’e quench ing  t hte  13”~ s t a l t ’ . Op i’anon
by the double d (lye laser exhibite d strong lasing action wi th  a lon ,’t ’ pat t i l e t tg th  amid l on e r  to ta l  S~ pt ’es sI t ’

th m’ ou gb tout  t it e vis ible . The lasing wave le t igths  were should grea t ly  it l iprov e t i t e  convers ion  e f f i c i enc y .  Om il v
i’- p r i m s i a r i l ’ ,- in the  v io l e t , hi l uc ’ , b lu l - — R i . , ’etl , a rid greet s l as i i sg  t i ’ ans t t i s i l i s  svhicls ot ’ig im iat e f r o m  s t a t ’s directl y

r i ’ s : i s smls , e n t e r ed  about  t h e  r e f l e c t i v i t y  t t i ax in su t t t  s f  exci ted Isv t h e  P~~~P lasi ’t’  are ct i se i ’vemj . In th e t i ’ s~~~e I 5 t

Use n t i r r i i i ’s , 450—5 50 nt is . The st t ’om ig es t  ob sem’ved laser . miio l ’e:s ls ’s n ’h tich are v i l t ra t io t s a l l s ’  ami d r s l a t i t i m i a l —
las lu tes corr espomich ~s ‘11 wi th  the ‘,vaveleng t lts  m sf lv r , s l a x i s , t  can s ’  I ‘it ’ik t ion to hi ’ 1 — I  fi ’om si the svst en t
e ’ n t i s s i i m n  band s re i’oi’ s t s ’ s h  I v  Rose ’ti ’2 t e l’  s - a c b t  .S . level  f t  l a s , ’t ’  o u t p u t .  R x l s - i ’ i l s t t s m l t s  at’e in p i’ ( s s:i ’e.Ss t , s  l i s t

punipe d . Shta t ’p  I ’— and R — h m i ’ a n c b  doub le t s  a , - - i s l ’ s e i ’ved wbe t bte i ’  s e l e s ’t i v s ’  v i b t ’a t i o m ia l  amid t ’ o t a t i s r r , i l  i’ , - t a x a l  sin ,
s u m’ ~~~~~~ l a s i m t s :  t i ’ a t t s t t i u i t s , For a s i s i s : l e  P005 1) wat  ,s tea a c t d i l i  s s t ’’f  s i t t t , - t ’  ni, li’i ’ s i l s - s  tm ’ t a r e  s:a’es , s - a l t  en—

• l , - s t - , dhi .  as m an ’a as eight Os  ten s I , s ; s l s l , s t s , spaced by the hance h i t -  ‘ I t i , ’ i , ’ u s t . ’ ’  s i t’ t ;mnins :  rant: , ’ t v i t l sn u t  q ue m s c t s i m i , : .
t l u t ’ a t i c m n a l  l eve ls  in the ground s l a t e , las , ’ s l  s i i r t u l t a —  Th e  S las ~u ’i’ pu lse in our  s \ st e -n i  f o l l i e s -; 1t t ’ l ’t ’ Is , ’ L \  the

tic ’’ iu - ; lv in t b -  l s i ’’ sas l  — h s , i i ~ t cav i t s ’ . l . , i s i t t : :  was observed en t i r e  t i m u m i ’  do r a t i m t n  and ~‘tl aIw s f  t h i n  2 — p s , ’ , ’ d ss t lh t l i ’d
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